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Physical functioning is the ability to perform daily activities, such as walking, getting up, climbing stairs, dressing, bathing, and carrying groceries ADDIN EN.CITE 1. As published in a World Health Organization report, over one’s life course, physical functional capacity increases and peaks during adulthood and then declines with advancing age HYPERLINK \l "_ENREF_2" \o "Kalache, 1997 #43"  ADDIN EN.CITE <EndNote><Cite><Author>Kalache</Author><Year>1997</Year><RecNum>43</RecNum><DisplayText><style face="superscript">2</style></DisplayText><record><rec-number>43</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">43</key><key app="ENWeb" db-id="">0</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kalache, Alexandre</author><author>Kickbusch, Ilona</author></authors></contributors><titles><title>A global strategy for healthy ageing</title><secondary-title>World health</secondary-title></titles><periodical><full-title>World health</full-title></periodical><pages>4-5</pages><volume>50</volume><number>4</number><dates><year>1997</year></dates><urls></urls></record></Cite></EndNote>2. 
	It has been reported that 15% of the population between the age of 45 and 64 in the United States was classified as having severe functional limitations HYPERLINK \l "_ENREF_3" \o "Sowers, 2001 #11"  ADDIN EN.CITE <EndNote><Cite><Author>Sowers</Author><Year>2001</Year><RecNum>11</RecNum><DisplayText><style face="superscript">3</style></DisplayText><record><rec-number>11</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">11</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Sowers, M.</author><author>Pope, S.</author><author>Welch, G.</author><author>Sternfeld, B.</author><author>Albrecht, G.</author></authors></contributors><auth-address>University of Michigan, School of Public Health, Department of Epidemiology, Ann Arbor 48109, USA.</auth-address><titles><title>The association of menopause and physical functioning in women at midlife</title><secondary-title>J Am Geriatr Soc</secondary-title><alt-title>Journal of the American Geriatrics Society</alt-title></titles><periodical><full-title>J Am Geriatr Soc</full-title><abbr-1>Journal of the American Geriatrics Society</abbr-1></periodical><alt-periodical><full-title>J Am Geriatr Soc</full-title><abbr-1>Journal of the American Geriatrics Society</abbr-1></alt-periodical><pages>1485-92</pages><volume>49</volume><number>11</number><edition>2002/03/14</edition><keywords><keyword>Activities of Daily Living/*classification</keyword><keyword>Adult</keyword><keyword>Cross-Sectional Studies</keyword><keyword>*Disability Evaluation</keyword><keyword>Female</keyword><keyword>Hormone Replacement Therapy</keyword><keyword>Humans</keyword><keyword>Longitudinal Studies</keyword><keyword>*Menopause/drug effects</keyword><keyword>Menopause, Premature/drug effects</keyword><keyword>Middle Aged</keyword><keyword>Prospective Studies</keyword><keyword>United States</keyword></keywords><dates><year>2001</year><pub-dates><date>Nov</date></pub-dates></dates><isbn>0002-8614 (Print)&#xD;0002-8614</isbn><accession-num>11890587</accession-num><urls></urls><remote-database-provider>Nlm</remote-database-provider><language>eng</language></record></Cite></EndNote>3. There is also evidence linking physical functioning limitations with a higher risk of mortality in later life ADDIN EN.CITE 4-6. Poor physical functioning is also associated with more subsequent disability, ADDIN EN.CITE ,  and higher healthcare utilization and cost among those 65 years or older compared to individuals free of physical functioning limitation ADDIN EN.CITE 9. With a longer life expectancy in the United States HYPERLINK \l "_ENREF_10" \o "Home,  #79"  ADDIN EN.CITE <EndNote><Cite><Author>Home</Author><RecNum>79</RecNum><DisplayText><style face="superscript">10</style></DisplayText><record><rec-number>79</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">79</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Home, CDC</author></authors></contributors><titles><title>State-Specific Healthy Life Expectancy at Age 65 Years—United States, 2007–2009</title></titles><dates></dates><urls></urls></record></Cite></EndNote>10 and a rising number of elderly people, it is believed that the rate of disability and the amount of healthcare utilization and costs will increase among the middle-aged and the elderly. These shifts in the demographics of the population coupled with the morbidity and mortality associated with physical functioning limitations are vital public health issues. 
The prevalence of physical functional limitations varies by sex. Several studies suggested that women were more likely to have worse physical functioning limitations than men ADDIN EN.CITE 11-14. Among women older than 70 years, 41.5% reported at least one physical function limitation and 17.6% reported more than four limitations in 1994 HYPERLINK \l "_ENREF_12" \o "Liao, 2001 #46"  ADDIN EN.CITE <EndNote><Cite><Author>Liao</Author><Year>2001</Year><RecNum>46</RecNum><DisplayText><style face="superscript">12</style></DisplayText><record><rec-number>46</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">46</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Liao, Youlian</author><author>McGee, Daniel L</author><author>Cao, Guichan</author><author>Cooper, Richard S</author></authors></contributors><titles><title>Recent changes in the health status of the older US population: findings from the 1984 and 1994 supplement on aging</title><secondary-title>Journal of the American Geriatrics Society</secondary-title></titles><periodical><full-title>J Am Geriatr Soc</full-title><abbr-1>Journal of the American Geriatrics Society</abbr-1></periodical><pages>443-449</pages><volume>49</volume><number>4</number><dates><year>2001</year></dates><isbn>1532-5415</isbn><urls></urls></record></Cite></EndNote>12. Although it had been observed that declines in physical functioning begins around  age 18-23 years in  women, the rate of decline has shown to be greater between the ages of  45 to 50 than at younger age HYPERLINK \l "_ENREF_15" \o "Peeters, 2013 #49"  ADDIN EN.CITE <EndNote><Cite><Author>Peeters</Author><Year>2013</Year><RecNum>49</RecNum><DisplayText><style face="superscript">15</style></DisplayText><record><rec-number>49</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">49</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Peeters, Geeske</author><author>Dobson, Annette J</author><author>Deeg, Dorly JH</author><author>Brown, Wendy J</author></authors></contributors><titles><title>A life-course perspective on physical functioning in women</title><secondary-title>Bulletin of the World Health Organization</secondary-title></titles><periodical><full-title>Bulletin of the World Health Organization</full-title></periodical><pages>661-670</pages><volume>91</volume><number>9</number><dates><year>2013</year></dates><isbn>0042-9686</isbn><urls></urls></record></Cite></EndNote>15. Other studies provided evidence that midlife (45-50 years old) women still had higher prevalence of physical functioning limitations compared to midlife men HYPERLINK \l "_ENREF_16" \o ", 2001 #87"  ADDIN EN.CITE <EndNote><Cite><Year>2001</Year><RecNum>87</RecNum><DisplayText><style face="superscript">16</style></DisplayText><record><rec-number>87</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">87</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors></contributors><titles><title>PRevalence of disabilities and associated health conditions among adults—united states, 1999</title><secondary-title>JAMA</secondary-title></titles><periodical><full-title>Jama</full-title><abbr-1>JAMA : the journal of the American Medical Association</abbr-1></periodical><pages>1571-000</pages><volume>285</volume><number>12</number><dates><year>2001</year></dates><isbn>0098-7484</isbn><urls><related-urls><url>http://dx.doi.org/10.1001/jama.285.12.1571-JWR0328-3-1</url></related-urls></urls><electronic-resource-num>10.1001/jama.285.12.1571-JWR0328-3-1</electronic-resource-num></record></Cite></EndNote>16. Since the accelerated decline of physical functioning occurs around the time of the menopausal transition HYPERLINK \l "_ENREF_15" \o "Peeters, 2013 #49"  ADDIN EN.CITE <EndNote><Cite><Author>Peeters</Author><Year>2013</Year><RecNum>49</RecNum><DisplayText><style face="superscript">15</style></DisplayText><record><rec-number>49</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">49</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Peeters, Geeske</author><author>Dobson, Annette J</author><author>Deeg, Dorly JH</author><author>Brown, Wendy J</author></authors></contributors><titles><title>A life-course perspective on physical functioning in women</title><secondary-title>Bulletin of the World Health Organization</secondary-title></titles><periodical><full-title>Bulletin of the World Health Organization</full-title></periodical><pages>661-670</pages><volume>91</volume><number>9</number><dates><year>2013</year></dates><isbn>0042-9686</isbn><urls></urls></record></Cite></EndNote>15, several studies have speculated on possible associations between menopausal factors (menopausal status and menopause-associated sex hormone changes) and physical functioning limitations. These studies hypothesized that the physical functioning limitations were related to the alteration of endogenous sex hormones across the menopausal transition. Presently, potential associations between physical functioning limitations and both menopause and sex hormones and how menopause affects physical functioning remain uncertain.
This literature review will focus on published studies that examined associations between measures of physical functioning and menopausal characteristics, specifically menopausal status and sex hormones. Both cross-sectional and longitudinal studies that enrolled population-based samples of women were evaluated. Finally, possible mechanisms to explain the findings of the manuscripts included in this literature review were discussed.
2.0 	Background
2.1	Physical functioning assessments
There are two broad categories of physical functioning assessments used in clinical and community settings: self-reported measures and performance-based measures. Self–reported measures rely on the study subjects’ estimation of their own health status. Several of the most commonly used self-reported measures are the Medical Outcomes Study 36 Item Short Form Health Survey (SF-36) subscale of physical functioning HYPERLINK \l "_ENREF_17" \o "Ware Jr, 1992 #51"  ADDIN EN.CITE <EndNote><Cite><Author>Ware Jr</Author><Year>1992</Year><RecNum>51</RecNum><DisplayText><style face="superscript">17</style></DisplayText><record><rec-number>51</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">51</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Ware Jr, John E</author><author>Sherbourne, Cathy Donald</author></authors></contributors><titles><title>The MOS 36-ltem short-form health survey (SF-36): I. Conceptual framework and item selection</title><secondary-title>Medical care</secondary-title></titles><periodical><full-title>Medical care</full-title></periodical><pages>473-483</pages><volume>30</volume><number>6</number><dates><year>1992</year></dates><isbn>0025-7079</isbn><urls></urls></record></Cite></EndNote>17 and the RAND 36-Item Health Survey 1.0 (RAND-36) subscale of physical functioning HYPERLINK \l "_ENREF_18" \o "Hays, 2001 #88"  ADDIN EN.CITE <EndNote><Cite><Author>Hays</Author><Year>2001</Year><RecNum>88</RecNum><DisplayText><style face="superscript">18</style></DisplayText><record><rec-number>88</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">88</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Hays, Ron D</author><author>Morales, Leo S</author></authors></contributors><titles><title>The RAND-36 measure of health-related quality of life</title><secondary-title>Annals of Medicine</secondary-title></titles><periodical><full-title>Annals of Medicine</full-title></periodical><pages>350-357</pages><volume>33</volume><number>5</number><dates><year>2001</year></dates><urls><related-urls><url>http://informahealthcare.com/doi/abs/10.3109/07853890109002089</url></related-urls></urls><electronic-resource-num>doi:10.3109/07853890109002089</electronic-resource-num></record></Cite></EndNote>18. The SF-36 subscale of physical functioning contains ten questions in the dimension of physical functioning. Item scores are coded, summed, and transformed to a scale from 0 (worst) to 100 (best) 18. The RAND-36 subscale of physical functioning includes the same items as the SF-36 but uses a different scoring algorithm for bodily pain and general health scales19. Performance-based measures require physical parameters. Frequently used performance-based measures include grip strength 19, and the Short Physical Performance Battery (SBBP), which includes three items: a standing balance test, a timed 4-meter walk and a chair rise test 20. 
Grip strength assessment measures the average muscle strength of both hands, and the results are recorded in kilograms. The SBBP measures lower extremity functions by assessing 1) the ability to maintain up to 3 hierarchal standing postures for up to 10 seconds (standing balance), 2) the time needed to walk at a comfortable speed across four meters, 3) the time needed to rise from an armless chair five times. Each of the three subscales of SBBP could be scored from 0 (unable to complete the task) to 4 (highest level of performance) and a summary score for the SBBP is created by adding the three scores HYPERLINK \l "_ENREF_21" \o "Puthoff, 2008 #112"  ADDIN EN.CITE <EndNote><Cite><Author>Puthoff</Author><Year>2008</Year><RecNum>112</RecNum><DisplayText><style face="superscript">21</style></DisplayText><record><rec-number>112</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">112</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Puthoff, Michael L</author></authors></contributors><titles><title>Outcome Measures in Cardiopulmonary Physical Therapy: Short physical performance battery</title><secondary-title>Cardiopulmonary physical therapy journal</secondary-title></titles><periodical><full-title>Cardiopulmonary physical therapy journal</full-title></periodical><pages>17</pages><volume>19</volume><number>1</number><dates><year>2008</year></dates><urls></urls></record></Cite></EndNote>21. All of these measurements have high reliability and validity ADDIN EN.CITE , , , .  
It is important to note that self-reported measurement could be influenced by psychological factors, such as expectations and beliefs HYPERLINK \l "_ENREF_24" \o "Daltroy, 1999 #57"  ADDIN EN.CITE <EndNote><Cite><Author>Daltroy</Author><Year>1999</Year><RecNum>57</RecNum><DisplayText><style face="superscript">24</style></DisplayText><record><rec-number>57</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">57</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Daltroy, Lawren H</author><author>Larson, Martin G</author><author>Eaton, Holley M</author><author>Phillips, Charlotte B</author><author>Liang, Matthew H</author></authors></contributors><titles><title>Discrepancies between self-reported and observed physical function in the elderly: the influence of response shift and other factors</title><secondary-title>Social Science &amp; Medicine</secondary-title></titles><periodical><full-title>Social Science &amp; Medicine</full-title></periodical><pages>1549-1561</pages><volume>48</volume><number>11</number><dates><year>1999</year></dates><isbn>0277-9536</isbn><urls></urls></record></Cite></EndNote>24 and cognitive impairments HYPERLINK \l "_ENREF_25" \o "Hoeymans, 1997 #58"  ADDIN EN.CITE <EndNote><Cite><Author>Hoeymans</Author><Year>1997</Year><RecNum>58</RecNum><DisplayText><style face="superscript">25</style></DisplayText><record><rec-number>58</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">58</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Hoeymans, Nancy</author><author>Wouters, Emmy RCM</author><author>Feskens, Edith JM</author><author>van den Bos, Geertrudis AM</author><author>Kromhout, Daan</author></authors></contributors><titles><title>Reproducibility of performance-based and self-reported measures of functional status</title><secondary-title>The Journals of Gerontology Series A: Biological Sciences and Medical Sciences</secondary-title></titles><periodical><full-title>The Journals of Gerontology Series A: Biological Sciences and Medical Sciences</full-title></periodical><pages>M363-M368</pages><volume>52</volume><number>6</number><dates><year>1997</year></dates><isbn>1079-5006</isbn><urls></urls></record></Cite></EndNote>25 as well as language, culture, education level HYPERLINK \l "_ENREF_26" \o "Kivinen, 1998 #59"  ADDIN EN.CITE <EndNote><Cite><Author>Kivinen</Author><Year>1998</Year><RecNum>59</RecNum><DisplayText><style face="superscript">26</style></DisplayText><record><rec-number>59</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">59</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kivinen, Paula</author><author>Sulkava, Raimo</author><author>Halonen, Pirjo</author><author>Nissinen, Aulikki</author></authors></contributors><titles><title>Self-reported and performance-based functional status and associated factors among elderly men: the Finnish cohorts of the Seven Countries Study</title><secondary-title>Journal of clinical epidemiology</secondary-title></titles><periodical><full-title>J Clin Epidemiol</full-title><abbr-1>Journal of clinical epidemiology</abbr-1></periodical><pages>1243-1252</pages><volume>51</volume><number>12</number><dates><year>1998</year></dates><isbn>0895-4356</isbn><urls></urls></record></Cite></EndNote>26 and pain HYPERLINK \l "_ENREF_27" \o "Latham, 2008 #60"  ADDIN EN.CITE <EndNote><Cite><Author>Latham</Author><Year>2008</Year><RecNum>60</RecNum><DisplayText><style face="superscript">27</style></DisplayText><record><rec-number>60</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">60</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Latham, Nancy K</author><author>Mehta, Vinay</author><author>Nguyen, Allison Martin</author><author>Jette, Alan M</author><author>Olarsch, Sippy</author><author>Papanicolaou, Dimitris</author><author>Chandler, Julie</author></authors></contributors><titles><title>Performance-based or self-report measures of physical function: which should be used in clinical trials of hip fracture patients?</title><secondary-title>Archives of physical medicine and rehabilitation</secondary-title></titles><periodical><full-title>Archives of physical medicine and rehabilitation</full-title></periodical><pages>2146-2155</pages><volume>89</volume><number>11</number><dates><year>2008</year></dates><isbn>0003-9993</isbn><urls></urls></record></Cite></EndNote>27. On the other hand, performance-based measurement could be influenced by observer bias HYPERLINK \l "_ENREF_28" \o "Rubenstein, 1984 #61"  ADDIN EN.CITE <EndNote><Cite><Author>Rubenstein</Author><Year>1984</Year><RecNum>61</RecNum><DisplayText><style face="superscript">28</style></DisplayText><record><rec-number>61</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">61</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Rubenstein, Laurence Z</author><author>Schairer, Catherine</author><author>Wieland, G Darryl</author><author>Kane, Rosalie</author></authors></contributors><titles><title>Systematic biases in functional status assessment of elderly adults: effects of different data sources</title><secondary-title>Journal of Gerontology</secondary-title></titles><periodical><full-title>Journal of Gerontology</full-title></periodical><pages>686-691</pages><volume>39</volume><number>6</number><dates><year>1984</year></dates><isbn>0022-1422</isbn><urls></urls></record></Cite></EndNote>28 and the motivation to participate HYPERLINK \l "_ENREF_29" \o "Terwee, 2006 #62"  ADDIN EN.CITE <EndNote><Cite><Author>Terwee</Author><Year>2006</Year><RecNum>62</RecNum><DisplayText><style face="superscript">29</style></DisplayText><record><rec-number>62</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">62</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Terwee, Caroline B</author><author>van der Slikke, Rienk</author><author>van Lummel, Rob C</author><author>Benink, Rob J</author><author>Meijers, Wil GH</author><author>de Vet, Henrica CW</author></authors></contributors><titles><title>Self-reported physical functioning was more influenced by pain than performance-based physical functioning in knee-osteoarthritis patients</title><secondary-title>Journal of clinical epidemiology</secondary-title></titles><periodical><full-title>J Clin Epidemiol</full-title><abbr-1>Journal of clinical epidemiology</abbr-1></periodical><pages>724-731</pages><volume>59</volume><number>7</number><dates><year>2006</year></dates><isbn>0895-4356</isbn><urls></urls></record></Cite></EndNote>29. Discrepancies between these two types of measurements were usually explained by inaccurate reporting, measurement error or the different constructs that these measurements assess HYPERLINK \l "_ENREF_26" \o "Kivinen, 1998 #59"  ADDIN EN.CITE <EndNote><Cite><Author>Kivinen</Author><Year>1998</Year><RecNum>59</RecNum><DisplayText><style face="superscript">26</style></DisplayText><record><rec-number>59</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">59</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kivinen, Paula</author><author>Sulkava, Raimo</author><author>Halonen, Pirjo</author><author>Nissinen, Aulikki</author></authors></contributors><titles><title>Self-reported and performance-based functional status and associated factors among elderly men: the Finnish cohorts of the Seven Countries Study</title><secondary-title>Journal of clinical epidemiology</secondary-title></titles><periodical><full-title>J Clin Epidemiol</full-title><abbr-1>Journal of clinical epidemiology</abbr-1></periodical><pages>1243-1252</pages><volume>51</volume><number>12</number><dates><year>1998</year></dates><isbn>0895-4356</isbn><urls></urls></record></Cite></EndNote>26. In other words, both types of measures complement each other because performance-based measurements can detect deficits in physical functioning before they are identified by self-reported measures30. 
2.2	Menopause
Menopause is the natural reproductive change in women that permanently ends menstruation and fertility in one’s late 40s or early 50s15. The menopausal transition period could last from four to ten years during which the menstrual cycle becomes irregular HYPERLINK \l "_ENREF_31" \o "Soules, 2001 #92"  ADDIN EN.CITE <EndNote><Cite><Author>Soules</Author><Year>2001</Year><RecNum>92</RecNum><DisplayText><style face="superscript">31</style></DisplayText><record><rec-number>92</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">92</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Soules, Michael R</author><author>Sherman, Sherry</author><author>Parrott, Estella</author><author>Rebar, Robert</author><author>Santoro, Nanette</author><author>Utian, Wulf</author><author>Woods, Nancy</author></authors></contributors><titles><title>Executive summary: stages of reproductive aging workshop (STRAW)</title><secondary-title>Climacteric</secondary-title></titles><periodical><full-title>Climacteric</full-title></periodical><pages>267-272</pages><volume>4</volume><number>4</number><dates><year>2001</year></dates><isbn>1369-7137</isbn><urls></urls></record></Cite></EndNote>31. A hallmark of natural menopause is the loss of hormone produced cyclically by ovarian follicles, including estradiol and progesterone ADDIN EN.CITE 32. The natural menopausal status can be classified in to three main classes based on women’s menstrual cycle bleeding patterns as follow: 1) premenopause, which is defined as having menstrual periods in last three months and no change in menstrual regularity in the preceding year, 2) perimenopause, defined as having irregular menstruation during the prior twelve months, and 3) postmenopause, defined as no menses for over twelve months without surgery31. In some studies, the perimenopause is classified more specifically into two separate phases: early perimenopause (menses in the previous three months and changes in regularity in the past year) HYPERLINK \l "_ENREF_33" \o "Gold, 2006 #94"  ADDIN EN.CITE <EndNote><Cite><Author>Gold</Author><Year>2006</Year><RecNum>94</RecNum><DisplayText><style face="superscript">33</style></DisplayText><record><rec-number>94</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">94</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gold, Ellen B</author><author>Colvin, Alicia</author><author>Avis, Nancy</author><author>Bromberger, Joyce</author><author>Greendale, Gail A</author><author>Powell, Lynda</author><author>Sternfeld, Barbara</author><author>Matthews, Karen</author></authors></contributors><titles><title>Longitudinal analysis of the association between vasomotor symptoms and race/ethnicity across the menopausal transition: study of women’s health across the nation</title><secondary-title>American Journal of Public Health</secondary-title></titles><periodical><full-title>American journal of public health</full-title></periodical><pages>1226</pages><volume>96</volume><number>7</number><dates><year>2006</year></dates><urls></urls></record></Cite></EndNote>33 and late perimenopause (no menses in the previous three months but menses within last twelve months)33. Women who undergo bilateral oophorectomy or/and hysterectomy were identified as surgical menopause in some studies ADDIN EN.CITE , . However, hysterectomy alone will not directly cause the menstruation cessation but will make menstruation not traceable. 
2.3	Potential Confounding factors for menopause and physical functioning assessments
On one hand, the level of physical functioning declines with advancing age2. Higher risk of physical functioning decline was associated with lower levels of physical activity35, depression36, self-reported pain37, and being overweight or obese (body mass index (BMI)>25.0)38. The presence of physical functional limitations were also associated with the stroke, hip fracture, knee osteoarthritis, and heart disease39. Some studies also reported a strong association between physical functioning declines and menopausal symptoms, such as hot flashes and night sweat40.
	On the other hand, menopausal transition progresses with age advancing HYPERLINK \l "_ENREF_41" \o "Soules, 2001 #113"  ADDIN EN.CITE <EndNote><Cite><Author>Soules</Author><Year>2001</Year><RecNum>113</RecNum><DisplayText><style face="superscript">41</style></DisplayText><record><rec-number>113</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">113</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Soules, Michael R.</author><author>Sherman, Sherry</author><author>Parrott, Estella</author><author>Rebar, Robert</author><author>Santoro, Nanette</author><author>Utian, Wulf</author><author>Woods, Nancy</author></authors></contributors><titles><title>Executive summary: stages of reproductive aging workshop (STRAW)</title><secondary-title>Fertility and Sterility</secondary-title></titles><periodical><full-title>Fertility and sterility</full-title></periodical><pages>874-878</pages><volume>76</volume><number>5</number><dates><year>2001</year><pub-dates><date>11//</date></pub-dates></dates><isbn>0015-0282</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S0015028201029090</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.1016/S0015-0282(01)02909-0</electronic-resource-num></record></Cite></EndNote>41. Additionally, menopausal transition is associated with menopausal symptoms, including hot flashes, night sweats, depression, joint pain, and sleeping problems. ADDIN EN.CITE , , 41 Women transitioning naturally were more likely to report hot flashes and night sweats than premenopausal women33. Experiencing a long perimenopause (greater than 27 months) was also associated with higher risk of depression44. Postmenopausal women experienced greater musculoskeletal pain symptoms than premenopausal women45. Other than menopausal symptoms, postmenopausal status was also observed to be related with lower lean body mass but a higher mean BMI compared to premenopausal status ADDIN EN.CITE 46. Menopause was also reported to be associated with the presence of comorbid medical conditions, such as coronary heart disease and osteoarthritis47. 
	Given that risk factors associated with the menopausal transition, such as aging, BMI, depression, menopausal symptoms, and comorbid medical conditions, are also associated with physical functioning2, 35-40, it is important to consider aging, BMI, depression, menopausal symptoms and comorbid medical conditions as potential confounders or effect modifiers in studies examining the association between physical functioning and the menopausal transition.
3.0 	methods
A Pubmed literature search   was performed pertaining to articles published between March 24, 1999 and March 24, 2014. 
To evaluate articles that examined the potential association between menopause status and physical functioning, the following steps were performed. The first search was performed using keywords: “physical function”, “physical functioning”, “physical performance”, “physical health” or “physical limitation” in the “Title/Abstract” section. The second search was also performed using the keywords: “menopause”, “menopausal”, “postmenopause”, “perimenopause” or “premenopause” in the “Title/Abstract” section. The third search was the intersection between the first and the second search results. 





4.1	Summary of the results of the systemic review search process
The first search using the keywords “physical function” or “physical functioning” or “physical performance” or “physical limitation” or “physical health” yielded 17,867 articles (Figure 1). The second search using the keywords “menopause” or “menopausal” or “postmenopause” or “perimenopause” or “premenopause” yielded 17,084 articles. The intersection between the two, or the third search, yielded 102 articles. The independent and outcome variables of these 102 articles were reviewed to determine eligibility. Of these 102 articles, 10 examined the association between physical function/physical performance and menopausal status (Table 1), and another 9 articles examined the association between physical function/physical performance and sex hormones among women in menopausal transition (Table 2). In total 83 articles were excluded due to the following reasons: 1) Menopausal status or sex hormones were not evaluated as independent variables (n=53), 2) Physical function were not assessed as an outcome (n=16), 3) Retrieved articles were either review or comment articles (n=9), and 4) The Full-text access was not available online (n=5). 
4.2	Menopausal Status and Physical functioning
Among the 10 studies that examined the relationship between menopausal status and physical functioning, 6 of the studies were cross-sectional ADDIN EN.CITE ,  HYPERLINK \l "_ENREF_48" \o "Cooper, 2008 #26"  and 4 studies were longitudinal53-56. In terms of measures of physical functioning among the 6 cross-sectional studies, 2 used performance-based assessments, 3 used the SF-36 physical functioning subscale, and 1 study incorporated both self-reported and performance-based measurements. In the 4 longitudinal studies, 2 studies measured physical functioning via the SF-36, 1 study used performance-based measures and 1 study used both types of physical functioning measures.
4.2.1	Cross-sectional Studies Examining the Association between Menopausal Status and Performance-based Physical Functioning
Cooper et al ADDIN EN.CITE 48 (2008, Table 1, Study #1) studied 1386 women from a British birth cohort (born in March 1946). Grip strength, chair rises and standing balance test were measured when the participants were 53 years old (5.5% premenopause, 15.4% perimenopause, 33.2% postmenopause, 8.2% hysterectomy and/or oophorectomy and no hormone users, 14.1% hysterectomy and/or oophorectomy and hormone users, 23.52% other hormone users). Menopausal status was determined from annual questionnaires responses between the ages of 47 and 54 years. No significant associations between menopausal status and grip strength, chair rises time and standing balance time were found in the full model with adjustment for height and weight, father’s occupational class, head of household occupational class, cognition at age 8, current smoking status, and parity. In a sub-group analysis conducted among naturally postmenopausal women and women who had undergone a hysterectomy with or without an oophorectomy, Cooper et al found that women who had undergone a hysterectomy before age 40 years old had significantly weaker grip strength than women who underwent a hysterectomy between ages 50-53 years old. However, no associations between the age at natural menopause and mean grip strength, chair rise time and standing balance time were found. Since there was small percentage of women in the reference group (5.5% premenopausal women), this study may not have enough statistical power to detect a significant association between menopausal status and grip strength, timed chair rises and standing balance test. Also, the effect of potential confounders between menopausal status and physical functioning such as comorbidities and menopausal symptoms were not assessed. 
Cheng et al ADDIN EN.CITE 49 (2009, Table 1, Study #2) examined 979 Taiwanese women between 43 to 57 years old who lived on Kinmen Island (44.4% premenopause, 25.8% perimenopause, 29.7% postmenopause). Physical function parameters included grip strength, key pinch strength, standing balance and flexibility. Balance was measured by single-legged standing and flexibility was measured by stand-and-reach and sit-and-reach tests. The authors reported that postmenopausal women had significantly weaker grip strength and shorter standing balance time than perimenopausal women, whereas perimenopausal women had significantly weaker grip strength and shorter standing balance time than premenopausal women. These results were independent of age, hormone therapy, and history of hysterectomy, hypertension, diabetes mellitus, BMI, hospital anxiety and depression scale, waist circumference and self-reported exercise level. A notable limitation of this study is that only women of the Han race were recruited. Additionally, most people living on Kinmen Island were engaged in farming activities. On one hand, this lifestyle requires more physical activity, which may lead to a slower decline of physical functioning HYPERLINK \l "_ENREF_35" \o "McAuley, 2007 #100"  ADDIN EN.CITE <EndNote><Cite><Author>McAuley</Author><Year>2007</Year><RecNum>80</RecNum><DisplayText><style face="superscript">35</style></DisplayText><record><rec-number>80</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">80</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>McAuley, Edward</author><author>Morris, Katherine S.</author><author>Doerksen, Shawna E.</author><author>Motl, Robert W.</author><author>Liang, Hu</author><author>White, Siobhan M.</author><author>Wójcicki, Thomas R.</author><author>Rosengren, Karl</author></authors></contributors><titles><title>Effects of Change in Physical Activity on Physical Function Limitations in Older Women: Mediating Roles of Physical Function Performance and Self-Efficacy</title><secondary-title>Journal of the American Geriatrics Society</secondary-title></titles><periodical><full-title>J Am Geriatr Soc</full-title><abbr-1>Journal of the American Geriatrics Society</abbr-1></periodical><pages>1967-1973</pages><volume>55</volume><number>12</number><keywords><keyword>physical activity</keyword><keyword>self-efficacy</keyword><keyword>function</keyword><keyword>longitudinal</keyword></keywords><dates><year>2007</year></dates><publisher>Blackwell Publishing Inc</publisher><isbn>1532-5415</isbn><urls><related-urls><url>http://dx.doi.org/10.1111/j.1532-5415.2007.01469.x</url></related-urls></urls><electronic-resource-num>10.1111/j.1532-5415.2007.01469.x</electronic-resource-num></record></Cite></EndNote>35. On the other hand, the living standard of the study participants was only comparable to those in rural Taiwan community. Therefore, the participants in this study may not be representative of women who are not Han, live in urban areas or are less physical active. 
4.2.2	Cross-Sectional Studies Examining the Association between Menopausal Status and Self-reported Physical Functioning
Sowers et al HYPERLINK \l "_ENREF_3" \o "Sowers, 2001 #11"  ADDIN EN.CITE <EndNote><Cite><Author>Sowers</Author><Year>2001</Year><RecNum>11</RecNum><DisplayText><style face="superscript">3</style></DisplayText><record><rec-number>11</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">11</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Sowers, M.</author><author>Pope, S.</author><author>Welch, G.</author><author>Sternfeld, B.</author><author>Albrecht, G.</author></authors></contributors><auth-address>University of Michigan, School of Public Health, Department of Epidemiology, Ann Arbor 48109, USA.</auth-address><titles><title>The association of menopause and physical functioning in women at midlife</title><secondary-title>J Am Geriatr Soc</secondary-title><alt-title>Journal of the American Geriatrics Society</alt-title></titles><periodical><full-title>J Am Geriatr Soc</full-title><abbr-1>Journal of the American Geriatrics Society</abbr-1></periodical><alt-periodical><full-title>J Am Geriatr Soc</full-title><abbr-1>Journal of the American Geriatrics Society</abbr-1></alt-periodical><pages>1485-92</pages><volume>49</volume><number>11</number><edition>2002/03/14</edition><keywords><keyword>Activities of Daily Living/*classification</keyword><keyword>Adult</keyword><keyword>Cross-Sectional Studies</keyword><keyword>*Disability Evaluation</keyword><keyword>Female</keyword><keyword>Hormone Replacement Therapy</keyword><keyword>Humans</keyword><keyword>Longitudinal Studies</keyword><keyword>*Menopause/drug effects</keyword><keyword>Menopause, Premature/drug effects</keyword><keyword>Middle Aged</keyword><keyword>Prospective Studies</keyword><keyword>United States</keyword></keywords><dates><year>2001</year><pub-dates><date>Nov</date></pub-dates></dates><isbn>0002-8614 (Print)&#xD;0002-8614</isbn><accession-num>11890587</accession-num><urls></urls><remote-database-provider>Nlm</remote-database-provider><language>eng</language></record></Cite></EndNote>3 (2001, Table 1, Study #3) evaluated 14,427 women aged 40-55 years old from the Study of Women’s Health Across the Nation (SWAN), which included 32% premenopausal women, 30% perimenopausal women, 13% naturally postmenopausal women not using hormones, 14% surgically postmenopausal women not using hormones, and 11% women using hormones in last 3 months. Women who responded that they were not “limited in any way in activities because of any impairments or health problems” were categorized as having “no limitation”. For those who responded affirmatively to this question, the self-reported SF-36 physical function subscale was administered and women scoring between 51 and 100 were categorized as having “some limitation” and women scoring between 0-50 were categorized as having “substantial limitation”. Sowers et al found that naturally postmenopausal women who were not hormone users had 56% greater odds of reporting “substantial limitation” in physical functioning when compared to premenopausal women. Additionally, surgically postmenopausal women who were not hormone users had double the odds of reporting “substantial limitations” and 1.5 greater odds of reporting “some limitation” in physical functioning compared to premenopausal women.  All results were adjusted for age, race/ethnicity, study center, BMI, and being able to pay for basics. The limitation of this study was that only those women who self-reported being “limited in any way in activities because of any impairments or health problems” completed the SF- 36 subscale. This may lead to the misclassification and result in an overestimation of the relationship between menopausal status and physical functional limitations. Also, this analysis did not assess the potential confounding factors such as comorbidities and menopausal symptoms, . 
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Tseng et al ADDIN EN.CITE 51 (2012, Table 1, Study #5) analyzed data collected on 2,236 women enrolled in the SWAN study with a mean age of 49.9 years (7.7% premenopause, 51.1% early perimenopause, 12.1% late perimenopause, 24% natural postmemopause, and 5.1% surgical postmenopause). Tseng et al also used the SF-36 physical function subscale to measure physical functioning. But in contrast to Sowers et al, women who scored between 86-100 were categorized as having “no limitation” and those with a score between 51- 85 were classified as “moderate limitation”. Women scoring 0-50 were classified as “substantial limitation,” which was consistent with Sowers et al. Tseng et al found that surgically postmenopausal women and naturally postmenopausal women had 3-fold higher odds of having “substantial limitations” compared with premenopausal women after adjusting for age, race/ethnicity, education, BMI, diabetes, hypertension, arthritis, depression, hormone use, smoking status, and study site. However, no significant associations between menopausal status and moderate limitations were identified. One limitation of this study was that the percentage of premenopausal women (6.1%) and surgical menopausal women (4.4%) with “moderate limitations” were small, which may have reduced the statistical power to detect an association between moderate limitations and menopausal status. Also, the study did not adjust for potentially confounding menopausal symptoms, such as hot flashes HYPERLINK \l "_ENREF_33" \o "Gold, 2006 #94"  ADDIN EN.CITE <EndNote><Cite><Author>Gold</Author><Year>2006</Year><RecNum>91</RecNum><DisplayText><style face="superscript">33</style></DisplayText><record><rec-number>91</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">91</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gold, Ellen B</author><author>Colvin, Alicia</author><author>Avis, Nancy</author><author>Bromberger, Joyce</author><author>Greendale, Gail A</author><author>Powell, Lynda</author><author>Sternfeld, Barbara</author><author>Matthews, Karen</author></authors></contributors><titles><title>Longitudinal analysis of the association between vasomotor symptoms and race/ethnicity across the menopausal transition: study of women’s health across the nation</title><secondary-title>American Journal of Public Health</secondary-title></titles><periodical><full-title>American journal of public health</full-title></periodical><pages>1226</pages><volume>96</volume><number>7</number><dates><year>2006</year></dates><urls></urls></record></Cite></EndNote>33.
4.2.3	Cross-Sectional Studies Examining the Association between Menopausal Status and Both Self-reported and Performance-based Physical Functioning
Using National Health and Nutrition Examination Survey (NHANES) III, Tom et al HYPERLINK \l "_ENREF_52" \o "Tom, 2012 #31"  ADDIN EN.CITE <EndNote><Cite><Author>Tom</Author><Year>2012</Year><RecNum>31</RecNum><DisplayText><style face="superscript">52</style></DisplayText><record><rec-number>31</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">31</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Tom, S. E.</author><author>Cooper, R.</author><author>Patel, K. V.</author><author>Guralnik, J. M.</author></authors></contributors><auth-address>Department of Preventive Medicine and Community Health, University of Texas Medical Branch, Galveston, TX, USA.</auth-address><titles><title>Menopausal characteristics and physical functioning in older adulthood in the National Health and Nutrition Examination Survey III</title><secondary-title>Menopause</secondary-title><alt-title>Menopause (New York, N.Y.)</alt-title></titles><periodical><full-title>Menopause</full-title><abbr-1>Menopause (New York, N.Y.)</abbr-1></periodical><alt-periodical><full-title>Menopause</full-title><abbr-1>Menopause (New York, N.Y.)</abbr-1></alt-periodical><pages>283-9</pages><volume>19</volume><number>3</number><edition>2011/10/14</edition><keywords><keyword>Cross-Sectional Studies</keyword><keyword>Exercise Test</keyword><keyword>Female</keyword><keyword>Humans</keyword><keyword>Menopause/*physiology</keyword><keyword>Middle Aged</keyword><keyword>Nutrition Surveys/*statistics &amp; numerical data</keyword><keyword>Postmenopause/*physiology</keyword><keyword>Walking/physiology</keyword></keywords><dates><year>2012</year><pub-dates><date>Mar</date></pub-dates></dates><isbn>1072-3714</isbn><accession-num>21993081</accession-num><urls></urls><custom2>Pmc3258455</custom2><custom6>Nihms312027</custom6><electronic-resource-num>10.1097/gme.0b013e3182292b06</electronic-resource-num><remote-database-provider>Nlm</remote-database-provider><language>eng</language></record></Cite></EndNote>52 (2012, Table 1, Study #6) interviewed 1,765 women aged 60 and older. Physical functioning was measured via a timed 8-foot walk, timed five consecutive chair rises, as well as self-reported functional limitations. Self-reported functional limitation was defined as reporting difficulty in at least three of five tasks (walking, stair climbing, kneeling, lifting and chair rising), and coded as a binary variable. Menopausal status was based on recalled age at final menstrual period and age at removal of the uterus and ovaries, if applicable. Women who did not undergo a hysterectomy or bilateral oophorectomy before their final menstrual period were grouped as natural menopause while women whose periods stopped because of hysterectomy and/or bilateral oophorectomy comprised the group with surgical menopause. The study reported that women who underwent surgical menopausal experienced an average chair rise time that was 4.3% slower than women who transitioned naturally. But there were no differences in walking speed and self-reported functional limitations. Women reporting a later age of surgical menopause (>=55 years) also had lower odds of self-reported functional limitations (OR = 0.52, 95% CI: 0.29-0.95) compared to those with earlier age (<40 years) of surgical menopause. The primary limitation of this study was that for self-reported physical functioning, the study did not use a validated and standardized assessment tool, such as the SF-36 physical function subscale. A second limitation was that among the surgical menopause women, the age at surgical menopause was obtained by recalling the age at final menstrual period when the participants were 60 years or older. Recall bias may exist and introduce misclassification bias when grouping the women to different “age at menopause” categories.
4.2.4	Longitudinal Studies Examining the Association of Menopausal Status and Performance-based Physical Functioning
Kurina et al ADDIN EN.CITE 53 (2004, Table 1, Study #7) investigated 536 African-American and Caucasian women from Chicago, Illinois from 1996 to 2001 (58.3% premenopause and 41.7% early perimenopause at baseline). The study included in total of four visits and women with surgical menopause were excluded from the study. Outcome measures included grip and pinch strength which were assessed annually since baseline. Postmenopausal women experienced a significant decline in pinch strength compared to premenopausal women after adjusting for study site, race, study visit, baseline age, income, BMI, smoking status, and baseline total physical activity score. No significant association between grip strength and menopausal status was found. One limitation of this study is that 305 out of 868 eligible participants were excluded from the analyses because pinch or grip strength measurements were missing from at least two annual study visits. The baseline characteristics of the excluded women were not compared to the women included in the analysis. The excluded women may have poorer health than women included in this study and the finding might be biased.
4.2.5	Longitudinal Studies Examining the Association between Menopausal Status and Self-reported Physical Functioning
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Hess et al ADDIN EN.CITE 55 (2012, Table 1, Study #9) examined 732 women aged 40-65 annually for 5 years since 2005. Physical functioning was measured by the RAND-36, which has identical questions and responses to the SF-36 but incorporates a more developed scoring mechanism. Late postmenopausal (last menstrual period was 5 or more years ago) and surgical postmenopausal women had significantly lower mean physical functioning scores compared to premenopausal women after adjusting for menopausal symptoms. Other covariates included study visit, social support, hormone therapy use, educational attainment, medical comorbidities, BMI, attitudes toward menopause and aging, marital status, race and baseline age.  The primary limitation of this study is that they enrolled a population from a single primary care practice. This population may not be representative of the broader population of women including those who did not access to health care.
4.2.6	Longitudinal Studies Examining the Association between Menopausal Status and Both Self-reported and Performance-based Physical Functioning
Between 2000 and 2005, Sowers et al ADDIN EN.CITE 56 (2007, Table 1, Study #10) studied 530 women whose mean age was 44.8 years at baseline from the Michigan Bone Health and Metabolism Study. This study measured the levels of physical functioning using the SF-36, grip strength, gait speed, 2-lbs lifting, timed 40-foot walk, timed stair climbing, and timed sit-to-stand test. Over 5-years of observation and compared to pre or perimenopausal women not using hormonal therapy, women who underwent surgical postmenopause had worse physical performance for the following tests: gait speed, 2-lbs lifting, stair climbing, sit-and-stand, and 40-foot walking. Furthermore, naturally postmenopausal women were observed to experience a significant decline in grip strength, 2-lb lifting, sit-to-stand, gait speed and self-reported physical functional limitations compared to premenopausal women.  There were no significant differences between pre and naturally postmenopausal women in terms of time required for stair climbing or the 40-foot walking. All results were adjusted for follow-up time. Body size and smoking status were measured annually and treated as time-varying variables in all models. One possible limitation of this study is that only a small proportion of participants (4%) transitioned naturally to postmenopausal over the observation period.
4.3	Sex Hormones and Physical Functioning
4.3.1	Endogenous Sex Hormones and Self-reported Physical Functioning
Santoro et al ADDIN EN.CITE 57 (2005, Table 2, Study #11) conducted a cross-sectional baseline analysis of 2,961 SWAN women with an intact uterus and at least one ovary to address the association between the endogenous sex steroid hormones, testosterone, estrogen, dehydroepiandrosterone sulfate (DHEAS) and sex hormone binding globin (SHBG), and physical functioning limitations. Physical functioning was measured using the SF-36 physical function subscale and categorized as no limitation (maximum score of the sample), low limitation (score greater than the median of values but below the maximum) and high limitations (score lower than the median values). This study did not find a significant association between levels of testosterone or estrogen and physical functioning level among participants. Only DHEAS was positively associated, albeit modestly, with functional status after adjustment for waist circumference, race/ethnicity, site, age and smoking status. The primary limitation was that study participants classified as having ‘no limitation’ could have been misclassified because similar to study #3 the SF-35 was only administered to women who responded affirmatively to the parent question of whether or not they were “limited in any way in activities”. 
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4.3.2	Exogenous Sex Hormones and Self-reported Physical Functioning
Hlatky et al ADDIN EN.CITE 59 (2002, Table 2, Study #13) evaluated data collected on 2,763 postmenopausal women (mean age of 67 years) with documented coronary artery disease in a randomized placebo-controlled trial from 1993 to 1998. Women with a prior hysterectomy were excluded. Participants were randomly assigned to estrogen plus medroxyprogesterone acetate or placebo and the trial lasted for 36 months. The 12-item Duke Activity Status Index (DASI) was used to measure physical functioning and the scale ranged from 0 (worst) to 58.2 (best). The study indicated that women who were assigned to hormone therapy (50%) had a more rapid decline in physical functioning scores than who were assigned to placebo. Among women without flushing symptoms (84.3% of total participants), assignment to hormone therapy was associated with a greater declines in physical functioning over follow-up compared to women assigned to placebo. On the contrary, among women with flushing symptoms (15.7%), no association between hormone therapy and declines in physical functioning was found. These findings suggested that the effect of hormone therapy on physical functioning depended on the presence of flushing and there was an interaction between the flushing symptoms and hormone therapy on declines in physical functioning. The main limitation of this study was the participants were, on average, older with prevalent coronary disease, which may limit the generalizability of the study. 
Hays et al ADDIN EN.CITE 60  (2003, Table 2, Study #14) evaluated 16,608 postmenopausal women between 50-79 years of age and with an intact uterus enrolled in the estrogen plus progestin versus placebo arm of the Women’s Health Initiative (WHI) and followed for up to three years. Physical function was measured using the RAND 36-Item Health Survey physical function subscale. After one year of follow up, there were small but statistically significant positive effects of estrogen plus progestin relative to placebo on physical functioning. At the third follow-up visit, assessments were repeated in 1511 women only (775 in estrogen plus progestin group and 736 in placebo group). The analyses suggested that there was no significant benefits of estrogen plus progestin on physical functioning. One limitation of this study was that the age range of participants was wide and the results may not be generalized to midlife women transitioning through menopause.
4.3.3	Exogenous Sex Hormones and Performance-based Physical Functioning 
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Uusi-Rasi er al ADDIN EN.CITE 62 (2005, Table 2, Study #16) evaluated the same study population as in the previous study #15 but analyzed longitudinal data instead of cross-sectional data. The measurements used in this study were the same as described in study #16. In this study, the baseline use of hormone replacement therapy (HRT) was still not associated with changes in physical functioning adjusting for body weight, age at menopause, years of HRT use, and years from cessation of HRT, height and body fat percentage, muscle strength at baseline, current physical activity and calcium intake. However, this study had a relatively small sample size, which may impact the power to detect a difference between HRT groups in relation to levels of physical performance.
Taaffe et al ADDIN EN.CITE 63 (2005, Table 2, Study #17) conducted a cross-sectional analysis of 840 well-functioning community-dwelling white women aged 70-79 years old enrolled the in the Health, Aging and Body Composition Study (Health ABC). Physical functioning was assessed using grip strength, 6-meter walk and narrow walk speed, repeated chair stands, and standing balance. The authors reported a significantly greater mean grip strength in current estrogen replacement therapy (ERT) users compared to non-ERT users after adjusting for age, height, weight, clinic site, education, smoking, self-reported health status, pulmonary disease, arthritis, diabetes, coronary heart disease, stroke, peripheral vascular disease, weight training in past year, physical activity, and current corticosteroid and ACE inhibitors usage. No association between ERT use and other physical functioning measurements were found. The main limitation of this study was that it only included elder White women as well as those who reported difficulty performing daily physical activities, which affected the representative nature of the study participants. 
Kenny et al ADDIN EN.CITE 64 (2005, Table 2, Study #18) enrolled 165 community-dwelling postmenopausal women aged 65 and older in a placebo-controlled trial to determine the effects of ultra-low-dose of estrogen therapy on physical function. In this 36 months trial, the treatment group received 0.25 mg 17-beta estradiol while the other group received placebo. Physical functioning was measured by the SPPB and single-leg stance time at baseline and after 36 months. Serum estrone and estradiol levels were measured. No significant changes were reported in physical performance tests, including the five chair rise time, single-leg stance time, walking speed, or composite score for SPPB over 3 years of follow-up between estrogen therapy group and placebo group. The study recruited a relatively older population than middle aged women which may limit the generalizability of this study.
Huang et al ADDIN EN.CITE 65 (2013, Table 2, Study #19) studied the dose-dependent effects of testosterone on physical functioning by evaluating 71 postmenopausal hysterectomized women with a mean age of 53. Women were randomized to receive weekly intramuscular injections of placebo or 3, 6.25, 12.5, or 25 mg of testosterone for 24 weeks. Physical functioning was measured by the 12-step timed stair-climb, a 40-meter walk, and grip strength. The stair-climb and walk tests were performed with or without a load equal to 20% of the participant’s body weight. The loaded stair-climb power was significantly associated with higher levels of serum free testosterone concentrations compared with placebo. Additionally, compared to placebo group, changes between baseline and follow-up were significantly greater in women assigned to 25-mg group. Limitations of this study were the relatively small sample size and moderate proportion of missing data, which may impact the power to detect improvement in the lower-doses groups.

5.0 	Discussion
The current literature review included 19 articles that evaluated the association between menopausal status (10 articles) and/or sex hormones (9 articles) and physical functioning limitations. There were four main findings of this literature review: 1) most studies reported that natural postmenopausal women were more likely to have worse performance-based and self-reported physical functioning compared to premenopausal women, independent of the effect of aging; 2) Most of the 7 studies which evaluated the association between surgical menopause and physical functioning reported that surgical menopause was associated with a worse physical functioning compared to premenopausal women; 3) Few studies examined the association between endogenous sex hormone levels and physical functioning limitations in women during the menopausal transition; 4) Studies examining the association between exogenous sex hormones and physical functioning did not find clear-cut relationships between sex hormone and physical functioning in postmenopausal or older women. These findings will be discussed in details in the following sections.  
5.1	Natural Menopause and physical functioning limitations
The relationship between natural menopause and physical functioning was generally consistent in the reviewed articles, indicating that women who transitioned naturally to postmenopause were at greater risk for a lower level of physical functioning than premenopausal women using both self-reported and performance-based assessments for physical functioning. 
Because of the concern for the confounding effect of aging, authors attempted to disentangle the possible effect of aging from the effect of menopausal status using different methods. In cross-sectional studies, for example, Cooper et al ADDIN EN.CITE 48 analyzed women who were all 53 years old, which eliminated the possible confounding effect of aging on the association between menopausal status and physical functioning because all women were in the same age. However, Cooper et al failed to detect a significant association between menopausal status and performance-based physical functioning. This might be explained by the small percentage of premenopausal women who were treated as reference group in the study. The small reference group may reduce the statistical power to detect significant differences in relation to physical functioning limitations.
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However, results from cross-sectional studies were limited because cross-sectional studies only examine data at one time point which prevent any temporal inferences for the assessed association. On one hand, this may limit the ability to assess whether the transition to natural menopause is directly associated with declines in physical performance within individuals over time. On the other hand, studies with data at only one time point are unable to control for or evaluate prior levels of physical functioning, which may differ in women and affect the current level of physical functioning HYPERLINK \l "_ENREF_15" \o "Peeters, 2013 #49"  ADDIN EN.CITE <EndNote><Cite><Author>Peeters</Author><Year>2013</Year><RecNum>49</RecNum><DisplayText><style face="superscript">15</style></DisplayText><record><rec-number>49</rec-number><foreign-keys><key app="EN" db-id="dx9xx9w07r2t57ett92v95pwa9ffefa25ds9">49</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Peeters, Geeske</author><author>Dobson, Annette J</author><author>Deeg, Dorly JH</author><author>Brown, Wendy J</author></authors></contributors><titles><title>A life-course perspective on physical functioning in women</title><secondary-title>Bulletin of the World Health Organization</secondary-title></titles><periodical><full-title>Bulletin of the World Health Organization</full-title></periodical><pages>661-670</pages><volume>91</volume><number>9</number><dates><year>2013</year></dates><isbn>0042-9686</isbn><urls></urls></record></Cite></EndNote>15. Therefore, the most appropriate way to disentangle the effect of confounding factors from the effect of menopausal status, and to assess the effect of natural postmenopause on physical functioning over time, would be to utilize the longitudinal study design. Therefore, the results from longitudinal analyses, which evaluated the effect of natural menopause on physical functioning apart from chronologic aging were more convincing and reliable. These longitudinal studies were also able to adjust for baseline levels and changes in other potential risk factors such as BMI, smoking status, physical activity, menopausal symptoms, and medical comorbidities. However, not all longitudinal studies which were included in this review comprehensively adjusted for menopausal symptoms and medical comorbidities ADDIN EN.CITE , . Therefore, it remains uncertain that whether the association between declines in physical functioning and transition through menopause was confounded by menopausal symptoms and medical comorbidities. 

5.2	Surgical Menopause and Physical Functioning limitations
Among the 7 articles that included surgically menopausal women and evaluated the association between surgical menopause and physical functioning (5 cross-sectional ADDIN EN.CITE , ,  and 2 longitudinal studies ADDIN EN.CITE , ), the results were generally consistent in regard to the association between surgical menopause on physical functioning compared to premenopause and natural postmenopause. 
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Results from longitudinal studies were consistent with most results from cross-sectional studies. One longitudinal study ADDIN EN.CITE 56 reported a longer mean time in stair climbing, mean 40-foot walking time and 2-lbs lifting test for surgically postmenopausal women compared to premenopausal women over 5-years observation. The other study ADDIN EN.CITE 55 reported significant lower level of self-reported physical functioning for surgical menopausal women compared to premenopausal women.
However, since none of the studies discussed above addressed the underlying medical conditions that led to surgical menopause, whether or not surgically postmenopausal women were truly at greater risk of physical functioning limitations compared to premenopausal women or naturally postmenopausal women still remains unclear. Therefore, to evaluate the association between surgical menopause and physical functioning limitations, additional longitudinal studies are still needed to evaluate the likelihood of underlying health conditions as potential contributors to physical functioning limitations in surgically menopausal women.
5.3	Sex Hormones and Physical Functioning limitations
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It is important to highlight that among the nine articles included in this review, four articles ADDIN EN.CITE , , ,  studied women who were older than 60 years and one article ADDIN EN.CITE 60 studied women from 50-79 years old. Therefore, findings from these studies might not apply to women whose decline in physical functioning accelerated as early as their 40-50 years old.
Whether changes in sex hormone were the driving mechanism behind the association between physical function declines and menopausal transition in middle aged women still requires additional longitudinal studies examining the association between sex hormones and physical functioning, in which recruited women were at their 40-50 years, rather than at their late postmenopausal period.
5.4	Limitation 
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Another limitation of the reviewed studies analyzing the association between natural menopausal status and physical functioning was the lack of full adjustments for potential confounding factors. Although these studies were able to distinguish the effect of aging and BMI, still not all studies assessed the confounding effect of medical comorbidities, menopausal symptoms as well as physical activity. As stated in the background section, these factors are all potential confounders or effect modifiers in the association between natural menopausal status and levels of physical functioning. In order to separate the potential confounding effect of medical comorbidities, menopausal symptoms and physical activity from the association between menopausal status and level of physical functioning, these factors should be addressed and evaluated in cross-sectional studies. If they were true confounders, adjustment or stratification should be used in these analyses. In longitudinal studies, it is also important to adjust for these factors as time varying variables since the changes in these factors over time may also affect the association between transition through menopause and declines in physical functioning. Another feasible method is the adjustment for both baseline values and changes since baseline of the true confounders.
However, it is noteworthy that this literature review itself had a number of limitations in regard to the representativeness of the articles that were reviewed. First of all, since this review mainly focused on the association between menopause and physical functioning, keywords related to sex hormones were not used in the searching process. Therefore, the nine articles reviewed for the association between sex hormones and physical functioning may not be representative to all articles that investigated the association between sex hormones and physical functioning in women at midlife. Moreover, most studies we reviewed evaluated the association between sex hormones and physical functioning among older women (greater than 60 years) rather than midlife women transitioning through menopause. Thus, results from these studies may not be generalized to midlife women. Secondly, the keywords used in searching physical functioning did not include specific measurement names such as “grip strength” and “gait speed”. This may have resulted in the exclusion of a series of articles analyzing the association between menopause and a specific physical functioning assessment. Thirdly, the keywords used in searching menopause did not contain words related to surgical menopause. Thus, the articles included in our review which examined the relationship between surgical menopause and physical functioning may not represent all the studies which examined the relationship between surgical menopause and physical functioning. Lastly, five articles were excluded from this literature review because we had no access to the full text in the library system. This missing information may strengthen or attenuate our findings of this literature review.
5.5	Direction for Future Studies
Although only 3 longitudinal studies 51-53 out of 10 articles fully disentangled the confounding effect of chronological aging from the effect of menopausal status, these 3 studies showed consistent results regarding naturally postmenopausal status and declines in self-reported physical functioning. Therefore we can cautiously draw the conclusion that the natural transition to postmenopausal status was associated with a decline in self-reported physical functioning, independent of chronological aging effect. However, these longitudinal studies failed to document a significant association between natural postmenopause and other validated performance-based physical functioning measurements such as grip strength and SBBP. Future longitudinal studies also need to measure physical functioning using validated performance-based batteries. The existing cross-sectional studies indicated that the natural transition to postmenopausal status was related to both lower levels of performance-based and self-reported measurements of physical functioning. However, without an evaluation of the dynamic changes of physical functioning, whether or not the association would still exist over time was unknown. Future cross-sectional studies could complement current studies by recruiting more representative populations that current studies did not cover. But the results from future cross-sectional studies need to be interpreted carefully in terms of the temporality and causal inference.
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Because reduced physical functioning is an indicator for later life disability7,8 and mortality4-6, developing intervention strategies for menopausal women to prevent or at least minimize the decline in physical functioning is important for public health practitioners to promote a healthier elderly population. Therefore, more efforts should be dedicated toward maintaining as high level of physical functioning as possible in women as they transitioning into the late postmenopausal stage. The future study direction discussed above will also allow for an enhancement of our understanding of the underlying pathophysiologic mechanisms and will help direct future hormone-related interventions to maintain physical health among postmenopausal women, or even broader, among all women undergoing the menopausal transition.

6.0 	Conclusion





Table 1. Physical Functioning and Menopausal StatusStudy #AuthorStudy populationClassification of menopausal transitionMeasures of physical functioningAdjusted variablesEffect of menopausal statusLimitationsCross-sectional studies examining performance-based physical functioning1Cooper et al,2008N=1386Women born in March 1946 in British
Age: 53y





-Other HT users 23.52%-Grip strength
-Chair rise time
-Standing balanceHeight and weight at age 53y, father's occupational class, head of household occupational class, cognition at age 8y, smoking status and parity at age 53y -Grip Strength 
Hysterectomy at 50-53y > hysterectomy <40y
No association for grip strength in the fully adjusted model.

-Chair rise time and Standing balance:
No association.-Less subjects were in the premenopausal women group as reference group. It may impact the statistical power to detect a difference.











Unaided one-legged  standingAge, hormone therapy, history of hysterectomy, hypertension, diabetes mellitus, BMI, Hospital Anxiety and Depression scale, waist circumference, and self-reported exercise level-Grip strength:
Premenopausal women > perimenopausal womenPerimenopausal women > postmenopausal women

-Standing balance time:
Perimenopausal women > postmenopausal women
 
-Key pinch strength and flexibility: 
No association.-This study only recruited women of Han race.
-The living standard can only be compared to those in rural Taiwan community.









-Naturally Postmenopausal no hormone use 13%
-Surgically Postmenopausal no hormone use 14%
-Hormone users 11%
10-Item physical function subscale of the Medical Outcomes Study Short-Form 36 (SF-36)(categorical variable)Age grouping, race, study center, body mass index, paying for basics- Double the odds of reporting substantial limitation and 1.5 greater odds of reporting some limitation for surgical menopausal women with compared to premenopausal women. 

- 56% greater odds of reporting substantial limitation for naturally postmenopausal compared to perimenopausal women.-The categorization of physical functioning levels may increase the opportunity for a misclassification bias.
-The study did not adjust for possible intermediate factors such as comorbidities and menopausal symptoms.4Anderson et al,2007N=1734Women from Australian and Japanese Midlife Women's Health Study(AJMWHS):
Age: 40-60
Country:- Australia (50.8%)- Japanese (49.2%)-Premenopausal 12.3%
-Perimenopausal 14.5%
-Postmenopausal 53.1%
-Surgical menopausal 20.1%SF-36 subscale of physical functioning(continuous variable)Physical activity, dietary phytoestrogen intake, BMI, smoking status, alcohol use, age education, income, marital status, employment status, and menopausal symptoms-No association for menopausal status and physical functioning limitations.
-Post-hoc comparison: Premenopausal women > postmenopausal women and surgical menopausal women. - The ethnicity of study participants were not obtained and evaluated.5Tseng et al, 2012N=2236Women from SWANAge: 49.9±2.7Race:-Caucasian (48%)-African American (26%)-Hispanic (7%)-Chinese (9%)-Japanese (10%)-Premenopausal 7.7%-Early perimenopausal 51.1%-Late perimenopausal 12.1%-Naturally postmenopausal 24%-Surgically postmenopausal 5.1%SF-36 subscale of physical functioning (categorical variable)Age, ethnicity, education, BMI, diabetes, hypertension, arthritis, depression, hormone user smoker, study sites-3 times higher odds of having substantial limitations for surgical and natural postmenopause than premenopause.-No association between menopausal status and moderate limitation.-The study did not adjust menopausal symptoms.-Small percentage of premenopausal and surgical postmenopausal women with moderate limitation.Table 1. Physical Functioning and Menopausal Status (continued)Cross-sectional studies examining both types of physical functioning measures6Tom et al,2012N=1765Women from National Health and Nutrition Examination Survey III (NHNANES)Age:70.6±0.4 (Natural menopause)68.7±0.4 (Surgical menopause)Race:-Non-Hispanic White 84.3%-Non-Hispanic Black 8.8%-Hispanic 2.0%-Other 4.9%-Natural menopause 65.6%-Surgical menopause 34.4%-Mean 8-ft walking speed -Mean five chair rise time-Self-reported functional limitation (categorical variable)Age at interview, race, height, weight, educational attainment, smoking status, number of children and use of estrogen therapy-Mean walking speedNo association.-Mean chair rise time Women with surgical menopausal women > women with natural menopause. -Self-reported functional limitationOR=0.52 for women with later age at surgical menopause.-No valid and reliable self-reported physical functioning assessment was used in this study.-Recall bias may exist.Longitudinal studies examining performance-based physical functioning7Kurina et al,2004N=563 baselineWomen from Chicago, Illinois followed for 3 yearsAge:-46.0±2.8 African American-45.6±2.8 CaucasianRace:-African American 42.27%-Caucasian 57.72%Baseline:-Premenopausal 58.3%-Early perimenopausal 41.7%-Grip strength-Pinch strengthStudy visit, race, age, income, body mass index, smoking status, total physical activity score at baseline-Grip StrengthNo association.-Pinch StrengthA significant decline in pinch strength was shown for women who transitioned to early perimenopause and to postmenopausal status compared to premenopausal women.-305 out of 868 eligible participants were excluded. Selection bias may exist.Table 1. Physical Functioning and Menopausal Status (continued)Longitudinal studies examining self-reported physical functioning8Mishra et al,2003N=8484 baselineWomen from Australian Longitudinal Study on Women's Health(ALSWH) followed for 2 yearsAge:47.7±1.5 (baseline)Race: not statedBaseline:-Premenopausal 55.4%-Perimenopausal 25.4%-Postmenopausal 7.0%-Hormone Replacement Therapy user 12.2%                                                                                                                                                                                                                                                         (Exclude surgical menopause)SF-36 physical functioning subscaleSF-36 score at baseline, physical activity levels at baseline, weight at baseline, change in weight, change in number of life events, age, smoking status, occupation, country of birth, marital status, and area of residenceCompared with changes in the reference group who remained premenopausal, women who transited from preimenopausal to peri and postmenopausal status during 2 year follow-up exhibited greater declines in physical functioning.- Only included women who had access to Australia Medicare health insurance.- Not adjusted for menopausal symptoms and medical comorbidities.9Hess et al,2012N=732 baselineWomen recruited from a single general internal medicine practice followed for 5 yearsAge: 50.8±6.4 (baseline)Race: -White 75%-Other 25%Baseline:-Premenopausal 22%-Early perimenopausal 15% -Late perimenopausal 6%-Early postmenopausal 15%-Late postmenopausal 19%-Hysterectomy 17%-Oral contraceptive pills 9%RAND-36Year since baseline, social support, hormone therapy use, educational attainment, medical comorbidities, body mass index, attitudes toward menopause and aging, menopausal symptoms, marital status, race and baseline age.Late postmenopausal and surgical menopausal women had significantly lower physical functioning compared to premenopausal women.-Participants might not be representative for women who did not access health care.Longitudinal studies examining both types of physical functioning measures10Sowers et al,2007N=530 baselineWomen from the Michigan Bone Health and Metabolism Study followed for 5 yearsAge:44.8±4.8 (baseline)Race: not statedBaseline: -Pre-perimenopause 56%-Natural postmenopause without HT 4%-Natural postmenopause with HT 4%-Surgical menopause (no ovarian conservation or HT) 9%-Surgical menopause (ovarian conservation and/or HT) 6%-HT use 13%-Censored due to unconfirmed surgery 8%-SF-36 physical functioning subscale-Gait speed-Timed 2-lb lifting -Grip strength-Time stair climb-40 foot walk-Timed sit-to-standStudy visit, BMI, smoking behavior-Women with surgical menopause reported more functional loss, lower gait speed, longer time to complete sit and stand, climb stairs, 40-foot walk and 2 lbs lifting compared to pre-perimenopausal women over 5-years observation.-Women with natural postmenopause had weaker hand strength, lower gait speed and longer time to lift 2 lbs and more functional loss compared to pre-perimenopause and no HT over 5-years observation."-Smaller percentage of women were postmenopausal over 5-years follow-up.-Potential confounders such as menopausal symptoms, physical activities were not adjusted.
Study #	Author	Study population	Classification of menopausal transition	Measures of physical functioning	Adjusted variables	Effect of menopausal status	Limitations
Cross-sectional studies examining performance-based physical functioning
1	Cooper et al,2008	N=1386Women born in March 1946 in British
Age: 53y





-Other HT users 23.52%	-Grip strength
-Chair rise time
-Standing balance	Height and weight at age 53y, father's occupational class, head of household occupational class, cognition at age 8y, smoking status and parity at age 53y 	-Grip Strength 
Hysterectomy at 50-53y > hysterectomy <40y
No association for grip strength in the fully adjusted model.

-Chair rise time and Standing balance:
No association.	-Less subjects were in the premenopausal women group as reference group. It may impact the statistical power to detect a difference.
-The author did not adjust for comorbidities, menopausal symptoms as potential confounders.











Unaided one-legged  standing	Age, hormone therapy, history of hysterectomy, hypertension, diabetes mellitus, BMI, Hospital Anxiety and Depression scale, waist circumference, and self-reported exercise level	-Grip strength:
Premenopausal women > perimenopausal womenPerimenopausal women > postmenopausal women

-Standing balance time:
Perimenopausal women > postmenopausal women
 
-Key pinch strength and flexibility: 
No association.	-This study only recruited women of Han race.
-The living standard can only be compared to those in rural Taiwan community.
-The physical activity level was relatively higher in the study population.
Cross-sectional studies examining self-reported physical functioning









-Naturally Postmenopausal no hormone use 13%
-Surgically Postmenopausal no hormone use 14%
-Hormone users 11%	
10-Item physical function subscale of the Medical Outcomes Study Short-Form 36 (SF-36)(categorical variable)	Age grouping, race, study center, body mass index, paying for basics	- Double the odds of reporting substantial limitation and 1.5 greater odds of reporting some limitation for surgical menopausal women with compared to premenopausal women. 

- 56% greater odds of reporting substantial limitation for naturally postmenopausal compared to perimenopausal women.	-The categorization of physical functioning levels may increase the opportunity for a misclassification bias.
-The study did not adjust for possible intermediate factors such as comorbidities and menopausal symptoms.
4	Anderson et al,2007	N=1734Women from Australian and Japanese Midlife Women's Health Study(AJMWHS):
Age: 40-60
Country:- Australia (50.8%)- Japanese (49.2%)	-Premenopausal 12.3%
-Perimenopausal 14.5%
-Postmenopausal 53.1%
-Surgical menopausal 20.1%	SF-36 subscale of physical functioning(continuous variable)	Physical activity, dietary phytoestrogen intake, BMI, smoking status, alcohol use, age education, income, marital status, employment status, and menopausal symptoms	-No association for menopausal status and physical functioning limitations.
-Post-hoc comparison: Premenopausal women > postmenopausal women and surgical menopausal women. 	- The ethnicity of study participants were not obtained and evaluated.
5	Tseng et al, 2012	N=2236Women from SWANAge: 49.9±2.7Race:-Caucasian (48%)-African American (26%)-Hispanic (7%)-Chinese (9%)-Japanese (10%)	-Premenopausal 7.7%-Early perimenopausal 51.1%-Late perimenopausal 12.1%-Naturally postmenopausal 24%-Surgically postmenopausal 5.1%	SF-36 subscale of physical functioning (categorical variable)	Age, ethnicity, education, BMI, diabetes, hypertension, arthritis, depression, hormone user smoker, study sites	-3 times higher odds of having substantial limitations for surgical and natural postmenopause than premenopause.-No association between menopausal status and moderate limitation.	-The study did not adjust menopausal symptoms.-Small percentage of premenopausal and surgical postmenopausal women with moderate limitation.

Table 1. Physical Functioning and Menopausal Status (continued)
Cross-sectional studies examining both types of physical functioning measures
6	Tom et al,2012	N=1765Women from National Health and Nutrition Examination Survey III (NHNANES)Age:70.6±0.4 (Natural menopause)68.7±0.4 (Surgical menopause)Race:-Non-Hispanic White 84.3%-Non-Hispanic Black 8.8%-Hispanic 2.0%-Other 4.9%	-Natural menopause 65.6%-Surgical menopause 34.4%	-Mean 8-ft walking speed -Mean five chair rise time-Self-reported functional limitation (categorical variable)	Age at interview, race, height, weight, educational attainment, smoking status, number of children and use of estrogen therapy	-Mean walking speedNo association.-Mean chair rise time Women with surgical menopausal women > women with natural menopause. -Self-reported functional limitationOR=0.52 for women with later age at surgical menopause.	-No valid and reliable self-reported physical functioning assessment was used in this study.-Recall bias may exist.
Longitudinal studies examining performance-based physical functioning





Table 1. Physical Functioning and Menopausal Status (continued)
Longitudinal studies examining self-reported physical functioning
8	Mishra et al,2003	N=8484 baselineWomen from Australian Longitudinal Study on Women's Health(ALSWH) followed for 2 yearsAge:47.7±1.5 (baseline)Race: not stated	Baseline:-Premenopausal 55.4%-Perimenopausal 25.4%-Postmenopausal 7.0%-Hormone Replacement Therapy user 12.2%                                                                                                                                                                                                                                                         (Exclude surgical menopause)	SF-36 physical functioning subscale	SF-36 score at baseline, physical activity levels at baseline, weight at baseline, change in weight, change in number of life events, age, smoking status, occupation, country of birth, marital status, and area of residence	Compared with changes in the reference group who remained premenopausal, women who transited from preimenopausal to peri and postmenopausal status during 2 year follow-up exhibited greater declines in physical functioning.	- Only included women who had access to Australia Medicare health insurance.- Not adjusted for menopausal symptoms and medical comorbidities.
9	Hess et al,2012	N=732 baselineWomen recruited from a single general internal medicine practice followed for 5 yearsAge: 50.8±6.4 (baseline)Race: -White 75%-Other 25%	Baseline:-Premenopausal 22%-Early perimenopausal 15% -Late perimenopausal 6%-Early postmenopausal 15%-Late postmenopausal 19%-Hysterectomy 17%-Oral contraceptive pills 9%	RAND-36	Year since baseline, social support, hormone therapy use, educational attainment, medical comorbidities, body mass index, attitudes toward menopause and aging, menopausal symptoms, marital status, race and baseline age.	Late postmenopausal and surgical menopausal women had significantly lower physical functioning compared to premenopausal women.	-Participants might not be representative for women who did not access health care.
Longitudinal studies examining both types of physical functioning measures
10	Sowers et al,2007	N=530 baselineWomen from the Michigan Bone Health and Metabolism Study followed for 5 yearsAge:44.8±4.8 (baseline)Race: not stated	Baseline: -Pre-perimenopause 56%-Natural postmenopause without HT 4%-Natural postmenopause with HT 4%-Surgical menopause (no ovarian conservation or HT) 9%-Surgical menopause (ovarian conservation and/or HT) 6%-HT use 13%-Censored due to unconfirmed surgery 8%	-SF-36 physical functioning subscale-Gait speed-Timed 2-lb lifting -Grip strength-Time stair climb-40 foot walk-Timed sit-to-stand	Study visit, BMI, smoking behavior	-Women with surgical menopause reported more functional loss, lower gait speed, longer time to complete sit and stand, climb stairs, 40-foot walk and 2 lbs lifting compared to pre-perimenopausal women over 5-years observation.-Women with natural postmenopause had weaker hand strength, lower gait speed and longer time to lift 2 lbs and more functional loss compared to pre-perimenopause and no HT over 5-years observation."	-Smaller percentage of women were postmenopausal over 5-years follow-up.-Potential confounders such as menopausal symptoms, physical activities were not adjusted.
Table 2 Physical Functioning and Sex Hormones
#	Author	Study design	Study population	Classification of menopausal transition	Sex hormone 	Measures of physical functioning	Adjusted variables	Effect of menopausal status	Limitations
Endogenous sex hormone and self-reported physical functioning








-Perimenopausal 45.9%	testosterone, estradiol, SHBGDHEAS	SF-36 physical functioning subscale
-no limitation (85.3%)
-low limitation (6.7%)
-high limitation (8.0%)	Ethnicity, cite, age and smoking, waist circumference	-No relationship between testosterone, estradiol, SHBG and physical functioning. -Only higher level of DHEAS was associated with higher physical functioning level.  	-Misclassification bias.
12	El Khoudary et al, 2014	Longitudinal cohort study11 years follow-up	N=2495Women from the Study of Women's Health Across the Nation













-Substantial limitation 10.5%	Baseline age, time, BMI, change in BMI since baseline, race, cycle day of blood draw, ability to pay for basics, baseline physical activity and change in physical activity, hypertension, diabetes, osteoarthritis and depression.	-Less reduction in estradiol and testosterone associated with lower risk of functional limitation
-Greater increase in SHBG associated with higher risk of functional limitation	-The study excluded Hispanic





Table 2 Physical Functioning and Sex Hormones (continued)
Exogenous sex hormone and self-reported physical functioning
13	Hlatky et al, 2002	Randomized controlled trial (RCT)5 years follow-up	N=2763Women from the Heart and Estrogen/Progestin Replacement Study (HERS)
Age: 66.6±6.7
Ethnicity:
White 89%	Postmenopausal	estrogen plus medroxyprogesterone acetate	12-item Duke Activity Status Index 
range from 0 (worst) to 58.2 (best)	No covariate	-In all patients, scores declined significantly over 3 years for physical functioning.
-Women without flushing who were assigned to hormone therapy had greater declines in physical functioning compared to placebo. 	Participants were older with prevalent coronary disease, which may limit the generalizability of the study.
14	Hays et al 2003	RCT3 years follow-up	N=16608Women from the Women's Health Initiative(WHI)
Age:50-79
Ethnicity: (total percentage not stated)
-Non-Hispanic White 
-Non-Hispanic Black 
-Hispanic -American Indian 
Asian or Pacific Islander 
-Unknown or unspecified 	Postmenopausal	estrogen plus progestin	RAND-36 item Health Survey physical functioning subscale	No covariate	-From baseline to year 1, there were small but significant positive effects of estrogen plus progestin on physical functioning relative to placebo.
-From baseline to year 3, there was no significant effects of estrogen plus progestin on physical functioning.	It only included postmenopausal women. Therefore, the result can only applied to postmenopausal women.
	Exogenous sex hormone and performance-based physical functioning
15	Uusi-Rasi et al, 2003	Cross-sectional case control study	N=80Non-smoking, sedentary, healthy womenAge:62.1±0.8




-Postural sway	Body weight	No association between the hormone replacement therapy users and non-hormone therapy users.	The sample size was small.
16	Uusi-Rasi et al, 2005	Longitudinal cohort study9 years follow-up, 2 visits	N=80 Non-smoking, sedentary, healthy women 
Age:53.1±0.8 at baseline
Ethnicity not stated	Perimenopausal at baseline	HRT(type not specified)	-Leg extension strength
-Arm flexion strength	Body weight, age at menopause, years of HRT use, years from cessation of HRT, height and body fat percentage, muscle strength at baseline, current physical activity and calcium intake.	No association between the use of hormone replacement therapy and physical functioning during 9 years follow up.	The sample size was small.


Table 2 Physical Functioning and Sex Hormones (continued)
17	Taaffe et al, 2005	Cross-sectional analysis	N=840Well-functioning community-dwelling white women from the Health, Aging and Body Composition Study (Health ABC)
Age: 70-79
Ethnicity: White	Postmenopausal	ERT (estrogen or progestogen)	-Grip strength -Repeated chair stands
-Usual 6-m walk
-Narrow 6-m walk
-Standing balance	Age, height, weight, clinic site, education, smoking, self-reported health status, pulmonary disease, arthritis, diabetes, coronary heart disease, stroke, peripheral vascular disease, weight training in past year, physical activity, and current corticosteroid and ACE inhibitors usage	-Grip strength Women taking estrogen replacement therapy > women not taking.
-No association between repeated chair stands, usual 6-m walk, narrow 6-m walk and standing balance and estrogen replacement therapy.	-Only white women were included.-This is a study among elderly and not midlife women which affected representative nature of the study participants.
18	Kenny et al, 2005	RCT36 months	N=167Healthy, community-dwelling women
Age at baseline:
Low-dose estrogen user group:73.9±0.6
Placebo user group:74.7±0.6
Race: Not stated	Postmenopausal	17-beta estradiol	-SPPB
-Single leg stance time	No covariate	After 3 years follow-up, no significant changes were noted in chair rise time, single-leg stance, walking speed or SPPB.	The study recruited a relatively older population than middle aged women which may limit the generalizability of this study.
19	Huang et al, 2014	RCT24 weeks	N=71Women who underwent hysterectomy
Mean age: 53
Ethnicity: not stated	Postmenopausal 	testosterone	-Grip strength
-12-step stair climb
-40-m walk	No covariate	-Stair-climb power significantly increased in the 25-mg testosterone injection group compared to placebo group.
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53 independent variables not qualified
16 outcome variables not qualified
9 review articles












Table 1. Physical Functioning and Menopausal Status (continued)
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